Background: Parkinson's disease is the second most common neurodegenerative disease in developed countries. Recent studies have showed that there is a relation between neuron loss in Parkinson's disease and L-type calcium channel activity in pars compacta of substantia nigra. Therefore, it seems that calcium channel blockers can effect on this disease. Objectives: In this study, we evaluate the protective and therapeutic effects of isradipine on experimental Parkinson's model in rats. Materials and Methods: In this experimental study, 63 rats were allocated randomly in seven group including: intact, control, sham operated, lesion and lesion treated by 0.1, 0.2 or 0.4 mg/kg dosage of isradipine. L-type calcium channel blocker, isradipine was subcutaneously injected to treated rats in the doses of 0.1, 0.2 and 0.4 mg/kg/day, for four weeks, starting the day after a unilateral nigrostriatal 6-hydroxy dopamine (6-OHDA) lesion. Rotational tests with apomorphine and rigidity tests were conducted on all animal groups one week before the lesion experiments and four weeks after. Results: Administration of isradipine (0.1, 0.2 and 0.4 mg/kg/day for 4 weeks) decreased mean of rotation number and muscular rigidity score significantly compared with control group (P < 0.05). Conclusions: This study showed that isradipine has a therapeutic effect in a dose dependent manner on Parkinson's disease in rats.
Background
Idiopathic Parkinson's is a progressive neurodegenerative disorder characterized by a loss of dopaminergic neurons in substantia nigra pars compacta (SNc) and a decline of dopamine (DA) in striatum [1] . Age is a major risk factor for the development and progression of Parkinson's disease (PD). Aging affects many cellular processes that predispose Parkinson-like neurodegeneration [2] . Parkinson's disease is the second most common neurodegenerative disease in developed countries [3] . The incidence is similar worldwide, with the prevalence increasing in proportion to regional increases in population longevity with more than 1% affected over the age of 65 years and more than 4% of the population affected by the age of 85 years [4] . In most instances, PD is multifactorial, likely arising from a combination of polygenic inheritance, environmental exposure and gene-environment interactions. Approximately 20% of patients with PD report a familiar history of the disease and the monogenic form of this disease is relatively rare [4] .
Early disease can be treated with levodopa, DA agonists, anticholinergics and monoamine oxidase inhibitors [5] . Nothing is known to slow the progression of the disease, making the identification of potential neuroprotective agents of great clinical importance [6] . The mechanisms responsible for the preferential loss of DA neurons in PD have been debated for decades. A widely held theory implicates DA itself, suggesting that oxidation of cytosolic DA (and its metabolites) lead to the production of cytotoxic free radicals [3] .
There is evidence that an increase in intracellular calcium causes neuronal death, as well as oxidative stress, mitochondrial dysfunction and progression of cytotoxicity [7] . It is clear that 6-hydroxy dopamine and 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydopyridine (MPTP) disrupts mitochondrial functions, and they do so through different mechanisms [6] . Experimental evidence and case-control studies suggest that dihydropiridine calcium channel blockers may protect against Parkinson's disease, especially in older persons and may also reduce the mortality rate in PD [8] . One potential target for neuroprotective therapies in PD is the L-type calcium channel with a Cav1.3 pore-forming subunit [6] . It seems that calcium channel blockers can insert protective effects in neurodegenerative diseases, such as PD [9] . Therefore, it is probable that with reduced calcium entry a decline in the noxious effects of 6-hydroxy dopamine in Parkinson's can be induced. nist that is used for hypertension and intracranial hemorrhage [10] . Recent studies have shown that isradipine has a neuroprotective effect in the animal model of PD [6, 7] . Regarding the role of calcium in the pathogenesis of PD, in this study we investigate the effects of isradipine in the animal Parkinson's model in rats.
Objectives
In this study, we evaluate the protective and therapeutic effects of isradipine on experimental Parkinson's model in rats.
Materials and Methods
In this experimental study, male Wistar rats (Pasture institute of Iran) weighing 260 -310 g were housed in individual cages under standard laboratory conditions (22 ± 2°C, 45 ± 5% of humidity and a 12 hours light-dark cycle) with ad libitum access to food and water. Following two weeks of adaptation, experiments started at 10 am every day. All experiments were approved by the ethical committee of the Zahedan University of Medical Sciences. Isradipine and apomorphine hydrochloride hemihydrate were purchased from Sigma (French) Company. This study was carried out on 63 male Wistar albino rats (260 -310 g), which were allocated randomly in seven groups, including: intact, control, sham operated, lesion, and lesion treated by 0.1, 0.2 or 0.4 mg/kg dosage of isradipine. Inclusion criteria included: rats that showed net rotation less than 30 cycles/hour after i.p. 2.5 mg/kg injection of apomorphine. Rotational tests with apomorphine and muscle rigidity tests were conducted in all groups one week before and at end of the experiments [11] .
Parkinson induction and 6-OHDA (6-hydroxy dopamine) lesion: Animals were anesthetized with an i.p. (intraperitoneal) injection of ketamine hydrochloride (60 mg/kg) and xylazine (10 mg/kg) and placed in stereotaxic apparatus (Narishige sp-5, Japan). Unilateral cannulation in striatum were conducted in accordance with AP = 4.8, ML = 1.6 and DV = 8.2, relative to bregma [12] .
SNc lesions were performed by infusion of 6-OHDA (4 µL saline with 1% acid ascorbic and 6-OHDA with 2 µg/µL for 4 minutes) with an injection cannula, which was left in place for 2 min before removal. The control group received a neurotoxin solvent, the sham operated group received 6-OHDA and then di-methyl sulphoxide 15% (isradipine solvent, DMSO 15%) subcutaneously for four weeks. Treated groups received 0.1, 0.2 or 0.4 mg/kg/day isradipine subcutaneously one hour before lesion and then daily after lesion for 4 weeks.
Rotational behavioural testing: Motor asymmetry was evaluated through body rotation induced by apomorphine hydrochloride (Sigma, 2.5 mg/kg, i.p.) during 60 minutes follow-up monitoring by observation. The animals were placed in a Plexiglas cylindrical box (33 cm D, 25 cm H). In parkinsonian animals, contralateral lesion rotation was encountered as positive and epsilateral lesion rotation as negative. Rotational asymmetry was expressed as net contralateral (contralateral minus epsilateral) rotation per hour [11] . This test was performed for all animals one week before and at the end of the experiments.
Muscle rigidity test (Morpurgo test): Muscle rigidity score was evaluated as described previously [13] . In brief, the animals were placed on a table. If walking and standing was normal, the score = 0, if the animal was motionless or hardly moved, the score = 0.5. Furthermore, the right and left hand of the animal was placed on a wooden platform of 3 cm height, if the animal could not withdrawal its hands within 10 seconds, the score = 0.5 for each hand. Similar tests were conducted for the right and left hands on a wooden platform of 9 cm height. If the animal could not withdrawal its hands within 10 seconds, the score = 1 for each hand. The exception score of each animal with Parkinson's was 3.5 or relative to the severity of the disease, the score was less than 3.5. The score for a normal animal was equal to zero [14] .
Statistical analysis: Data were analyzed with KruskalWallis and Mann-Whitney U tests by SPSS-17 software. Results were shown with mean ± SD and P < 0.05 were significant.
Results
The therapeutic effects of isradipine on the animal model of unilateral Parkinson were considered. Prior to the experiments, there was no difference between the groups for the motor asymmetry test. After the administration of isradipine for 4 weeks (0.2 or 0.4 mg/kg/day), net contralateral rotation decreased significantly in the treated group compared with the lesion and sham operated groups (Table 1 , P = 0.01). In the group that received 0.1 mg/kg/day of isradipine, a number of net contralateral rotation declines were significantly observed in comparison with the lesion group (Table 1, P = 0.04).
A one way analysis of variance revealed no significant difference in muscle rigidity test score in all groups at the start of experiments, but increased significantly in the lesion, sham-operated and treated with isradipine groups (Table 2) . Muscle rigidity score decreased significantly in the group that received isradipine (0.2 or 0.4 mg/kg/day) in comparison with the lesion and sham-operated groups 2
Zahedan J Res Med Sci. 2016; 18(4):e6444. ( Table 2 , P = 0.01). Rate of muscle rigidity score also decreased significantly in the group that received isradipine 0.1 mg/kg/day in comparison with the lesion and shamoperated groups (Table 2 , P = 0.03). 
Discussion
The present study shows that administration of isradipine can significantly decrease net contralateral rotation after apomorphine. Furthermore, muscular rigidity score decreased significantly after isradipine usage. Therefore, we suggest that isradipine had a therapeutic effect on Parkinson's induced with 6OHDA in a dose dependent manner. It has previously been reported that isradipine has a neuroprotective effect on Parkinson's disease in mice [6] . Furthermore, it has been shown that isradipine decreased involuntary movements in the Parkinson's rat model in a dose dependent manner [11, 15] . Epidemiological studies suggest that calcium channel blockers prevent or slow the progression of AD. These studies have similar results with the present study.
It seems that the mechanism of therapeutic effects of isradipine on Parkinson's disease is related to the diminishing of calcium entry to dopaminergic neurons in substantia nigra, and the reduced sensitivity of these cells to neurotoxins such as 6OHDA [5, 6] . Furthermore, a decrease in calcium entry to these cells caused a reduction in cell metabolism and a delay in apoptosis [7] . Previous studies have shown that pre-treatment with nimodipine (calcium channel blocker) can prevent the toxic effects of MPTP on substantia nigra neurons [16] . 5-HT1A and 5-HT1B receptor agonist can reduce dyskinesia after PD induced with 6OHDA [17] , that could be involve in isradipine neuroprotective mechanism. Also, previous study shown that T-type calcium channel involves in PD and inhibition of this channel can reduce locomotor deficits in rat model of PD [18] .
This study identified that isradipine (selective L-type calcium channel blocker) had therapeutic effects on Parkinson's disease induced with 6OHDA in rats in a dose dependent mode.
